Background: Some studies have reported a ceiling effect in EQ-5D-3L, especially in healthy and/or young individuals. Recently, two further levels have been included in its measurement model (EQ-5D-5L). The purposes of this study were (1) to assess the properties of the EQ-5D-5L in comparison with the standard EQ-5D-3L in a sample of young adults, (2) to foreground the importance of collecting qualitative data to confirm, validate or refine the EQ-5D questionnaire items and (3) to raise questions pertaining to the wording in these questionnaire items. Methods: The data used came from a sample of respondents aged 30 or under (n = 624). They completed both versions of the EQ-5D, which were compared in terms of feasibility, level of inconsistency and ceiling effect. Agreement between the instruments was assessed using correlation coefficients and Bland-Altman plots. Known-groups validity of the EQ-5D-5L was also assessed using non-parametric tests. The discriminative properties were compared using receiver operating characteristic curves. Finally, four interviews were conducted for retrospective reports to elicit respondents' understanding and perceptions of the format, instructions, items, and responses. Results: Quantitative results show a ceiling effect reduction of 25.3 % and a high level agreement between both indices. Known-groups validity was confirmed for the EQ-5D-5L. Explorative interviews indicated ambiguity and low degree of certainty in regards to conceptualizing differences between levels moderate-slight across three dimensions. Conclusions: The EQ-5D-5L performed better than the EQ-5D-3L. However, the explorative interviews demonstrated several limitations in the EQ-5D questionnaire wording and high context-dependent answers point to lack of illnesses' experience amongst young adults.
Background
The traditional EQ-5D is a generic preference-based measure of health that has five dimensions each with three levels of impairment (EQ-5D-3L) that, together, describe 243 health states [1] . Many agencies that regulate the economic evaluation of drugs and other health technologies advise the use of preference-based instruments as outcome measure in cost-utility analyses [2] . However, previous research showed that the EQ-5D-3L may not be able to fully discriminate different levels of health status among individuals, especially in the healthier part of the measurement rule [3] . Several studies reported the existence of a celling effect in both the general population and different patient groups (e.g. [4] [5] [6] [7] [8] [9] [10] [11] ). To improve the descriptive richness and discriminatory power of the EQ-5D, the EuroQol Group has recently developed the EQ-5D-5L questionnaire. The EQ-5D-5L retains the original five dimensions of the EQ-5D-3L, but the number of levels in each dimension is increased from three to five [12, 13] . This EQ-5D-5L defines a total of 3,125 states.
Studies that directly elicit preferences from general population samples to derive value sets for the EQ-5D-5L are under development in a number of countries. In the interim, the EuroQoL Group coordinated a study that administered both the 3-level and 5-level versions of the EQ-5D, in order to develop a "crosswalk" between the EQ-5D-3L value sets and the new EQ-5D-5L descriptive system, resulting in crosswalk value sets for the EQ-5D-5L [14] . Crosswalk value sets for the EQ-5D-5L are currently available for the following countries: Denmark, France, Germany, Japan, the Netherlands, Spain, Thailand, UK, USA and Zimbabwe.
Since the recent introduction of this preference-based measure, some articles have been published using the EQ-5D-5L, and it is anticipated that the application of this measure will continue to grow. Some authors have studied the measurement properties of the EQ-5D-5L in patients with cancer [15] , with chronic hepatic diseases [16] , with other chronic conditions [17] and with HIV/ AIDS [18] . However, to our knowledge, there has been no assessment of measurement properties or validation of the EQ-5D-5L in young adults. Given that they usually are healthy individuals, it is expected that they report a significant celling effect in the EQ-5D-3L.
When analyzing new instruments, it is important to study methodological issues that arise when questionnaires are used, namely how questions are linguistically framed. This kind of research has not been done previously with the EQ-5D. Therefore, the goals of this paper were (1) to compare the psychometric properties of the EQ-5D-5L with the EQ-5D-3L in a sample of young adults, aged 30 years or under, (2) to foreground the importance of collecting qualitative data to confirm, validate or refine the EQ-5D questionnaire items and (3) to raise questions pertaining to the wording in these questionnaire items.
Methods

Data collection
Students from two Portuguese universities were recruited, according to their willingness to participate in the study. The study was approved by the ethics committee of the Regional Health Authority, Portugal. Participants were informed verbally and in the questionnaire that the study would be published, and written informed consent was obtained by study participants and made available to the Editor upon request. The target population (students) consisted of young and healthy subjects, a cohort in which we expect a higher ceiling effect on the EQ-5D. Respondents filled one single questionnaire form with both the 3L and the 5L Portuguese versions of the EQ-5D, with socio-demographic questions separating both versions. The order of the self-completed paper-and-pencil questionnaires was fixed and was the same throughout the study: first EQ-5D-5L and second, the EQ-5D-3L. This order was chosen according to previous findings that showed that completing the 5L version before the 3L could help avoiding the tendency of respondents of not using the "in-between" level 2 and 4 of the 5L [19] . Data collection took place in April-June 2013 and OctoberNovember 2013. The total sample comprised undergraduate and graduate students and therefore individuals aged 17-49 (n = 927). The sample used in the study included respondents aged 30 or under (n = 624). The remaining sample was used for comparison purposes (n = 303). Students were then asked to volunteer to be interviewed about the questionnaires. From those who volunteered, four students were selected to be interviewed individually. The sessions were conducted with two interviewers, in April-May 2014. Sessions were conducted in Portuguese and had an average length of 17 min each. They were audio-recorded and transcribed for analysis.
Statistical analysis
Sample characteristics were described by computing descriptive statistics for socio-demographic variables. Feasibility was accessed by computing the number of missing values for all five of the 3L and 5L questions and by dimension. Inconsistency of responses and ceiling effect were also evaluated using the methodology followed in previous studies [15] [16] [17] 19] . Briefly, inconsistencies were defined when a 3L response and a 5L response were at least two levels away, according to the redistribution diagram proposed by Janssen et al. [17, 19] . The ceiling effect was calculated as the proportion of respondents reporting full health (11111) and the proportion of respondents reporting no problem (level 1) in each of the dimensions [16] . Additionally we also present the absolute and relative ceiling effect reduction. The absolute reduction is the difference between the proportion of "no problem" responses in both measures and the relative reduction is given by [16] :
Â 100.
To complement this analysis, we have also looked into what respondents reported about their health in each instrument. This task started with a general descriptive analysis of the distribution of responses across the dimensions in both instruments. The level of agreement between the dimensions of the EQ-5D-3L and 5L was measured using Spearman's correlation coefficient. The level of agreement between the indexes was accessed using Pearson's correlation coefficient and Intraclass Correlation Coefficient (ICC). Additionally we also present Bland-Altman plots for the EQ-5D-5L and 3L by plotting the average value of both indexes (x-axis) against the difference between the EQ-5D-5L and 3L score (y-axis) [7] . A score below (above) zero would denote that a particular individual had a utility score that was higher (lower) according to the EQ-5D-3L. In addition the upper and lower limits of agreement are also presented (mean difference ± standard deviation of the difference). These limits show how far apart the two measures are more likely to be for most individuals.
Based on the literature (e.g. [15, 17, 20] ) knowngroups validity of the EQ-5D-5L was tested with the following hypotheses: females and those with a medical condition were expected to have a lower EQ-5D index score [21, 22] . Given the skewness of the distributions, non-parametric tests (Mann-Whitney test for two groups and Kruskal-Wallis test for more than two groups) were used.
The discriminative properties of the indexes were also compared using Receiver Operating Characteristic (ROC) curves, as has been done in other comparisons between preference-based instruments [8, 9] . The performance of the indexes was evaluated against one indicator of health status: reported chronic medical conditions. The reported chronic medical conditions indicator was dichotomized using two cut-off points, regarding the number of health conditions: none versus one or more medical conditions and none or one condition versus two or more conditions. The measure of utility that generated the largest area under the ROC curve was considered the most sensitive in detecting differences in the external indicator. Hypothesis tests were carried out for the purpose of comparing the areas under the ROC curves.
Though the Portuguese value set for the EQ-5D-3L has been recently derived [23] , there is no crosswalk value set for the EQ-5D-5L for Portugal or a Portuguese value set for the EQ-5D-5L. Thus in this paper we used the UK value sets for both the EQ-5D-3L and the EQ-5D-5L. All the analyses were performed using IBM SPSS 21.0.
Cognitive discourse analysis (CODA)
Survey data might be compromised when respondents do not interpret questions in the way researchers expect. Cognitive interviews are used to detect problems respondents have in understanding survey instructions and items, and in formulating answers. The explorative component of this study is a complementary analysis aiming at better identifying components that might be interpreted differently than intended. It applies a strategy called cognitive interviewing by verbal probing relying on Cognitive Discourse Analysis (CODA) of retrospective reports [24] ; i.e. we called back four students who had filled in the questionnaire and they were asked to spell out aloud how they had interpreted the various questions. The main emphasis lies on the systematic analysis of both content and linguistic choices and patterns, aiming to identify indicators for specific cognitive phenomena that are of interest for addressing the way how some content is expressed or structured in addition to what is said in relation to EQ-5D-5L interpretation. As cognitive phenomena is accessed through language, the analysis focuses on linguistic properties of discourse, namely lexical items, such as adjectives, adverbs, pronouns and also voice and modality in order to identify differences between levels of severity and certainty which cannot be fully ascertained by quantitative data. As this component is a complementary analysis of this study we decided to interview solely students whose responses were inconsistent and/or with a ceiling effect reduction, selected from the poll of students who had volunteered to be interviewed. Therefore the number of interviews was small, but acceptable in cognitive terms. Table 1 shows a summary of the main characteristics of the study sample, comparison sample and the overall sample, along with values for the Portuguese population aged over 18-30 for which data are available [25] . The mean age of subjects in the overall sample was 25.5 years, whereas the study sample was on average 21.7 years old and the comparison sample about 38.1. As was expected the study sample was predominantly made up of individuals who were single (93.8 %). Table 1 also shows that the majority of the study sample does not have any [26] . c Source: EQ-5D-3L Portuguese population norms [22] disease (82.3 %), a value that is very close to the comparison sample and not that different from the Portuguese population (65.6 %) [26] . However it is worth noting that this is a relatively young sample; therefore one might expect a lower percentage of individuals with a medical condition. Regarding the number of medical conditions, there were 83 (13.3 %) respondents with one medical condition and 28 (4.5 %) with 2 or more medical conditions. The mean EQ-5D-5L index was lower than the EQ-5D-3L for all samples, as was expected. Given the youngness of the samples, it was also expected a higher EQ-5D-3L index and EQ-5D VAS when compared with the values of the Portuguese population.
Results
Subjects
The respondents that were interviewed individually were healthy individuals, whose minor health issues were related to allergies, asthma and one had had a knee injury in his preteens.
Feasibility
The completion rate of the EQ-5D-5L was higher (99.5 %) than those of the EQ-5D-3L (93.0 %) in the respondents aged ≤ 30 years, and these results were consistent across the samples (sample aged > 30: 99.3 %-5L; 94.4 %-3L; overall sample: 99.5 %-5L; 96.1 %-3L). However the completion rates were different across dimensions ( Table 2) .
The results show that, although both instruments showed a good feasibility, the EQ-5D-5L seems to be "more feasible" than the EQ-5D-3L: while missing values ranged from 2 for mobility (0.3 %) to 10 for pain/discomfort (1.3 %) for the EQ-5D-3L, for the EQ-5D-5L missing values ranged from 1 for usual activities, pain/discomfort and anxiety/depression (0.2 %) to 2 for the other dimensions (0.3 %) for 5L. Missing values were on average 0.2 % (1.4) for the EQ-5D-5L and 0.9 % (5.8) for the EQ-5D-3L, indicating good feasibility for both instruments. The results were similar for the sample of respondents aged more than 30 years (0.1 % for the EQ-5D-5L and 2.0 % for the EQ-5D-3L) and for the overall sample (0.6 % for the EQ-5D-5L and 4.0 % for the EQ-5D-3L). In terms of the indexes, 602 (96.5 %) respondents aged up to 31 years old completed all five EQ-5D questions and therefore 5L and 3L indexes were computed only for these respondents. Similarly 5L and 3L indexes were computed for 285 (94.1 %) of the respondents aged more than 30 years old and for 887 (95.6 %) respondents of the overall sample.
Inconsistency
Distributions of individuals' responses across the EQ-5D-3L and EQ-5D-5L dimensions (cross tabulation of responses) are presented in Table 3 . The results show that participants aged 30 years or under reported used all new five-scale levels of health within each of the EQ-5D dimensions. Inconsistent responses are marked in bold. The dimensions anxiety/depression (8) and mobility (4) presented the higher number of inconsistencies whereas the dimensions self-care and usual activities presented the lowest (0 and 1, respectively). The proportion of inconsistencies ranged from 1.3 % for anxiety/depression to 0.2 % for usual activities, whilst the average size of inconsistency was highest (2.3) for mobility and lowest (1.0) for usual activities, pain/discomfort and anxiety/depression (Table 3) . Table 4 reports the proportion of "no problem" responses on EQ-5D-3L to the EQ-5D-5L and the absolute and relative ceiling effect reduction. The results show that 62.1 % of the respondents aged less than 31 years reported no problems (full health) on the EQ-5D-3L and 46.4 % on the EQ-5D-5L on all dimensions, indicating an absolute reduction of 15.7 % and a relative reduction of 25.3 % ( Table 4 ). The value is lower in the comparison sample in the EQ-5D-3L (58.7 %) and slightly lower in the overall sample, whilst in the EQ-5D-5L the value is almost equal (46.8 %; 46.5 %). The self-care dimension showed the highest ceiling effect and the anxiety/depression dimension showed the lowest. Compared to the 3L, the proportion of respondents reporting no problems decreased in both samples. However the decrease is more evident in dimensions pain/discomfort and anxiety/depression, which showed the highest relative reduction on ceiling effect (14.4 % and 14.7 %) ( Table 4 ). Differences in the ceiling effect were statistically significant in all dimensions except in self-care. After excluding inconsistent response the results for the ceiling effect reduction were very similar to the results presented in Table 4 .
Ceiling effect
It is worth noting that the mode was 1.0 for both indices in all the samples. However, the ceiling effect is more evident in the EQ-5D-3L, since there are more than 50 % of the respondents with an index of 1.0; while 50 % of the sample aged less than 31 years had an EQ-5D-5L index of 0.879.
Level of agreement
The level of agreement between the dimensions of the EQ-5D-5L and 3L was accessed using Spearman's correlation coefficient. The results show that the dimensions of the measures were strongly correlated, as was expected (Table 3) , and these results were similar to what was observed in the comparison sample for dimensions self-care (1.000), pain/discomfort (0.788), anxiety/depression (0.802). For the dimension mobility (0.905) the correlation was higher in the comparison sample and lower in the dimension usual activities (0.690).
The EQ-5D-5L and 3L scores for the 602 respondents aged ≤30 years old who completed both measures were strongly correlated, with a Pearson's correlation coefficient of r = 0.760 (p < 0.001) and an ICC of 0.759 (p < 0.001). Similar results were observed in the comparison sample (0.758; 0.752) and in the overall sample (0.763; 0.762), where (r; ICC). Additionally the Bland-Altman plots (Fig. 1 ) also indicate a strong agreement between the EQ-5D-5L and 3L (only 4 % observations are beyond the limits of agreement). In what concerns the comparison sample, the number of observations beyond the limits of agreement is slightly higher (6.3 %). These results are consistent with those of Kim and colleagues [15] .
Known-groups validity
Non-parametric tests for respondents aged up to 31 years old showed significant results for both indexes by gender, health condition, labor situation and marital status (p < 0.001 for all situations), meaning that both measures were able to discriminate between the socio-demographic groups in analysis. We found similar results in the other samples. Table 5 displays the results of the area under the ROC curves, calculated to evaluate the performance of the EQ-5D-5L and the EQ-5D-3L indices in the identification of differences in individual health states. Table 4 Proportion of "no problem" responses on EQ-5D-3L to the EQ-5D-5L and ceiling effect reduction Looking at first row of Table 5 , it is evident that the area under the ROC curve is almost the same for both measures. Similar results are shown when using the cutoff none or one medical condition versus two or more medical conditions. However the indices do not present statistically significant differences in their discriminatory capability.
Discriminative properties
Content and linguistic analysis of explorative interviews
The explorative part of this study used cognitive interviews based on verbal probing to elicit respondents' understanding and perceptions of the items and responses that make up the questionnaires designed to measure the EQ-5D-3L and the EQ-5D-5L, with a particular emphasis on the more recent 5L questionnaire. Analysis is based on CODA approach [24] and discourse analysis linguistic categories at the syntactic-semantic level [27] . Interview transcripts were carefully read and categorized according to each questionnaire item. Next, we focused on linguistic features which indicated different levels of certainty. Tables 6 and 7 list sample quotes from interviews. Table 6 illustrates each of the questionnaire's dimensions and levels of severity mentioned in the interviews which were prone to low to moderate levels of certainty when conceptualizing differences between severity levels, and which indicated difficulty in verbalizing differences or in finding illustrative examples. The column "sample quotes" exhibits how the interviewees verbally represent and differentiate the dimensions; the column "linguistic extracts" portrays sample occurrences produced by the respondents which can be analyzed by looking at specific linguistic features produced in natural occurring discourse (lexical items, such as adjectives, adverbs, pronouns, voice, modality) for that particular questionnaire item, and which indicate various levels of uncertainty/certainty when interpreting levels of severity. The analysis of these discourse properties enable us to ascribe (covert) meaning to what is being stated (e.g. lexical items such as maybe or I don't know or the use of modal verbs in parts of sentences such as 'I would say that' indicate moderate levels of certainty). Particularly problematic areas were the distinction between the adjective pairs slight/moderate in the dimensions mobility, self-care and usual activities. However, distinctions between the dimension pairs pain/discomfort and anxiety/depression were less problematic, and presented linguistic features indicating high level of certainty and choice of specific lexical items (Table 7) .
Discussion
This paper compares the psychometric properties of the EQ-5D-5L with the EQ-5D-3L in a sample of young adults, aged 30 years or under, given that, to our knowledge, there has been no assessment of measurement properties or validation of the EQ-5D-5L in young adults. The results show that, although both instruments showed a good feasibility, the EQ-5D-5L had a higher completion rate than the EQ-5D-3L, which is consistent with other studies [16] . The proportion of inconsistencies among the respondents aged less than 31 years averaged 0.7 % and this was significantly lower than what was reported in previous studies [15] [16] [17] 19] . Our findings show that participants used all new five-scale levels within each of the EQ-5D 
Choice of specific lexical items
The person shuts himself/herself at home doesn't want to see anyone thinks only of committing suicide a Interviews were conducted in Portuguese and extracts were translated by the authors and validated by an English native speaker fluent in Portuguese dimensions. These results are similar to those reported by Janssen and colleagues [17] . We expected a lower ceiling effect in the EQ-5D-5L and this hypothesis was verified. There was indeed a significant reduction in the ceiling effect. Compared to the 3L, the proportion of respondents reporting no problems decreased in both samples. However this decrease is more evident in the youngest sample. The reduction of the ceiling effect was higher in dimensions pain/discomfort and anxiety/depression and differences were statistically significant in almost every dimension. Although the decrease in the ceiling effect also occurred in other studies [15] [16] [17] 19] , in this study the reduction was significantly higher and similar to what was found for a student Polish cohort [17] , and these findings support the general idea that the EQ-5D-5L is an adequate measure of the HRQoL in young and relatively healthy adults.
The assessment of the level of agreement between the EQ-5D-3L and the EQ-5D-5L proved to be strong between the measures and these results are consistent with those of Kim and colleagues [15] .
Known-groups validity was confirmed for both indexes by gender, health condition, labor situation and marital status for respondents aged up to 31 years old. Similar results were found for the other sample.
Regarding the discriminative properties of the measures, our findings show similar results for both of them. Indeed, it was found that the slightly EQ-5D-5L has a slightly better ability to discriminate between respondents with none or one medical condition from those with two or more medical conditions. However the indices do not present statistically significant differences in their discriminatory capability.
Explorative interviews indicated ambiguity and low degree of certainty in regards to conceptualizing differences between levels moderate-slight across three dimensions.
The findings of the present study provide evidence of the validity of the EQ-5D-5L in a sample of young adults (≤30 years). However a number of limitations should be considered when interpreting these findings. First, not all measurement properties were tested in the current study. We have followed part of the methodology used in previous studies, but we were not able to compute indexes used by other authors to assess the discriminatory power [15] [16] [17] 19] , such as the Shannon index and the Shannon Eveness index, since the estimation of the first is applied for each dimension and needs the computation of a logarithm of the proportion of observations in the ith level. Given that our sample was relatively young and respondents did not state to have extreme problems in some dimensions, it was not possible to compute the logarithm for the dimensions in which there were no responses in at least one level. One further limitation was the non-randomness of the sample and its specific characteristics which mean it is not representative of the Portuguese population (e.g. women and single individuals were overrepresented). However, this does not constitute a real drawback for this study, since we strongly believe that although women and single individuals are overweighed in the sample this does not have a significant impact on the conclusions of the study given its aim. In fact, given that we aimed at comparing the performance of both measures in a sample of young adults (≤30 years), we were expecting some characteristics to be overrepresented. Nevertheless, the non-randomness of the sample implies that these results should be seen as sample results and conclusions cannot be drawn for the entire Portuguese population of young adults (≤30 years). Furthermore, when collecting the data, we followed a study design similar to other studies [15] [16] [17] 19] , meaning that the EQ-5D-5L was always applied first, and there could possibly be an order effect. Moreover, the higher response rate for the EQ-5D-5L might partially be due to the fact that the 5L was administered first. In the explorative component of this study we have interviewed four students and applied a systematic analysis of both content and linguistic choices and patterns. These methods were used as a complementary analysis and therefore the number of interviews was acceptable in cognitive terms, however we recommend more interviews, as these would have enriched the content of the paper and we will proceed accordingly in the future.
In future studies, the properties of the EQ-5D-5L should be further examined in random samples of healthy and/or young individuals. Further research on the validity, reliability and responsiveness of the EQ-5D-5L on the general I think pain is something that pains us and discomfort is that we don't feel 100 % [3] Choice of generic lexical items and indefinite pronouns
To measure the degree of pain is very difficult [2] For me pain is to feel some pain, right? Discomfort is to feel bothered with something but it' s not really pain [4] High level of certainty
Anxiety/ Depression
These are totally different things [1] When I'm depressed I'm sad, I don't feel like doing anything First person discourse
These are two distinct things [3] I think there are various types of anxiety but there' s only one type of depression [2] Choice of specific lexical items
These are two different issues [4] I think these are two distinct things [3, 4] High level of certainty a Numbers between square brackets indicate individual respondents population and in different patients' settings is also needed. Furthermore, drawing from the explorative interviews, it is highly recommended that both a content-based analysis of language data (suitable for highlighting the conscious process that participants verbalize) linked to the analysis of the structure and linguistic choices involved in these verbalizations contain rich information that is worth exploring in future research.
Conclusions
In light of the properties analyzed, the EQ-5D-5L performed better than the EQ-5D-3L. These results show that this new version contributed to a significant reduction in the ceiling effect which was one of the most relevant limitations of the 3-level EQ-5D. However, even though the ceiling effect is reduced, the explorative study reflects on the methodological issues that arise when questionnaires are used, namely about how questions are linguistically framed (namely subjectivity in interpreting slight vs moderate and the noun pairs pain/discomfort and anxiety/depression) and if this instrument is adequate for young healthy adults. Therefore, these findings need to be replicated in other samples of healthy and sick individuals. Further research is also needed to fully understand the role of the different layouts in the respondents' answers.
